Abstract and Summary. The effect of ethyl N ,N-di-n-propylthiolcarbamate (EPTC) on photosynthesis was determined by ·c 1~0 2 fixation by red kidney bean, Phaseolus vulgaris L., leaves followmg root application of this he~b!cide in a ti.me:c~urse study at v_arious concentrations of the herbicide. EPTC mh1b1ted C"0 2 fixat10n at relatively high concentration~ and. lo~g e_xposures of. the herbic_ide, but did not alter the relative d1stnbuuon of C" m the vanous labeled compounds. The effect of EPTC on the respiration of excised embryos of corn and mung bean (Pht;s.eolus aureus Roxb.) following 24 or 48 hr exposures to the herbicide. When the data were expressed on a fresh-weight basis, it indicated that EPTC stimulated respiration, but the same data expressed on an embryo basis did not show this stimulation. EPTC inhibited the growth and the concurrent increase in fresh weight of these embryos. The effect of EPTC on oxidative phosphorylation was determined with cucumber mitochondria. EPTC markedly inhibited both phosphorus uptake and oxygen consumption. Phosphorus esterification was more sentitive than oxygen utilization: this gave a reduced p /0 ratio or an uncoupling effect. However, since the c<:mcen~ra-tion of EPTC required to produce these. effects. was qmte high, the physiological significance of the results 1s questionable.
INTRODUCTION E THYL N,N-di-n-propylthiolcarbam~te (E~~C) . has
been widely accepted as a selective herbicide m a number of crops. However,· the research on its mode of action is very limited. The research reported here was conducted to study the nature of the toxicity mechanism of this herbicide. These results are not presented as the specific mode of action of this herbicide but. rather _as its effect on these particular processes. Their phys10-logical significance requires further investigation.
METHODS

Photosynthesis.
These investigations included a timecourse study on the rate of C 14 0~ fixation after va~ious periods of exposure to EPTC at di~er~nt ~oncentrat10~s, and the determination of the distribution of C 14 m various labeled compounds following C 14 0 2 . fixation. The detailed techniques used hav~ be~n ?escnb~d ,previously in similar studies with certam triazme derivatrve.s (1, 4) and substituted urea compounds (2). The exrerim€ntal plant was red kidney bean, Phaseolus vulgaris L. Respiration I. Seeds of mung bean, Phaseolus aur~us Roxb. were surface sterilized in a 0.1 % Hg Cl 2 solution for 10 minutes. They were washed with five separate portions of sterile distilled water and soaked for 24 hr in O, 10, or 100 ppm of sterile_ EPTC solu~ions. These solutions were prepared by addmg the requ~red amount of EPTC to sterile distilled water and shakmg mechanically until the EPTC was in solution. After soaking for 24 hr, the seeds were transferred to sterile petri dishes containing filter paper moistened with the same 'Received for publication January 28, 1963.
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concentration of sterile EPTC solution in which they were soaked. Twenty-four hr later the embryos were excised from the cotyledons, weighed and placed in Warburg flasks, ten embryos per flask. The Warburg flasks contained 4 ml of 0.067 M phosphate buffer (Na 2 HP04: KH2 POr2:3), pH 6.7 and 9.5 ml of O.Gl M sucrose; 0.2 ml of 5% KOH was placed in the center well. The 0 2 uptake was determined by conventional Warburg techniques at 30 C. Each of the respiration experiments was conducted twice with three replications each time. Repiration II. Seeds of mung bean were surface sterilized as described above and transferred to sterile distilled water .for 15 hr. Embryos were excised from the cotyledons aseptically and 10 embryos placed in sterile 50 ml flasks containing 10 ml of a complete inorganic salt solution, 2% sucrose, and 0, 10, or 100 ppm EPTC. The EPTC was added after sterilization. Cultures were placed in a 30 C shaking water bath. After 24 hr exposure to EPTC the embryos were placed in Warburg flasks and oxygen uptake measured as described above. Respiration Ill. Seeds of corn, were surface sterilized as above and allowed to soak in sterile distilled water for 15 hr. After aseptic excision, one embryo was placed in each of several sterile test tubes containing 2 ml of a complete inorganic salt solution, I% sucrose, and 0, 10; or 100 ppm EPTC. The EPTC was added after sterilization. The cultures were placed in a roller tube culture apparatus in the dark for 48 hr. Oxygen uptake was measured on ten embryos per Warburg flask as described above. Oxidative phosphorylation. Seedw of cucumber, Cucum_is sativus L. (var. Improved Long Green) were planted m a mixture of expanded rock and vermiculite (I: I) in a glass tray, moistened with distilled water, and germinated at 28 C for 60 hr. The cotyledons, removed from the 2-inch seedling, furnished the mitochondria for these determinations. Ten grams of cotyledons were chopped with a razor blade and ground in an ice-cold mortar with 40 ml of cold 0.5-M sucrose, 0.067 M phosphate buffer, and 0.005 M ethylene-diaminetetraacetate pH 6.7. The homogenate was strained thro?gh four layers of cheese cloth. The filtrate was centrifuged at 1000 X g for 5 minutes to remove cell debris; this was discarded.
The supernata1,1t was centri!uged at ~0,000 X &' for 15 minutes to sediment the mitochondria. The mitochondria were washed by resuspending them in new grinding medium and again centrifuging at 20,000 X g for _15 minutes. All centrifuging was done in a Servall refrigerated centrifuge. The mitochondria were suspended in 10 ml of cold 'o.5 M sucrose. One-half ml of ~he mitochondrial preparation was placed in the side arm of each of six chilled Warburg flasks. The main compart-ment contained 40 µ-moles of alpha-ketoglutarate, 30 µ-moles of potassium phosphate, 1.0 mg of adenosine monophosphate, 0.33 mg of diphosphopyridine nucleotide, 0.5 mg of thiamine pyrophosphate, 0.1 mg of cytochrome c, 0.1 mg of Co A, 7.5 µ-moles of MgS0 4 , 110 µ-moles of glucose and 0.3 mg of hexokinase. The main compartment also contained 0, 10-s, 10-:-5, 10-4, lQ-3, or I0-2 M EPTC depending on the treatment. The final sucrose concentration was 0.16 M; total volume 2.5 ml; and final pH 6.6. The center well contained 0.2 ml of 5% NaOH. The flasks were preconditioned for 5 minutes with the mitochondria in the side arm and an additional 5 minutes after tipping the mitochondria into the substrate. The manometers were closed and 0 2 uptake readings taken every ten minutes for 50 minutes. Samples were taken at zero time and at the termination of the run for ortho-phosphate determination. These samples were taken by pipetting I ml of the vessel solution into 3 ml of 10% trichloroacetic acid. The orthophosphate in these samples was , determined by the method of Fiske and Subbrow (3) . The data are expressed as µ~moles of inorganic phosphate esterified and µ-atoms of 0 2 consumed per hour. The experiment was conducted four times in duplicate.
RES UL TS AND DISCUSSION
Photosynthesis. The effect of EPTC on the rate of photosynthesis in Phaseolus vulgaris, determined by C 14 0 2 fixation, is presented in Table 1 . The effect of EPTC on photosynthesis was moderate and was inhibited only after relatively long exposure periods to high concentrations of the herbicide. In similar studies with 2-chloro-4-ethylamino-6-isopropylamino-s-triazine, atrazine (4) and 3-(p-chlorophenyl)-1,1,-dimethylurea, monuron, (2), the rate of photosynthesis was almost completely blocked with 10 ppm of the herbicide after 2 hr with monuron and 10 hr with atrazine; whereas, EPTC inhibited this process only to the extent of 36% after 100 hr of treatment at 100 ppm. The effect of EPTC on the distribution of Cl4 in various compounds following C 14 0 2 fixation in the light is shown in Table 2 . The distribution of Cl4 in the various compounds was essentially the same with EPTC at 100 ppm for 100 hr as those without EPTC treatment. Both atrazine and monuron markedly change this distribution (2, 4).
Respiration. The effect of EPTC on the respiration of excised embryos of corn and mung bean is presented in Table 3 . The data from these experiments are expressed in the conventional way of µ-liters 0 2 uptake/hr/100 mg fresh weight; and in addition, as µ-liters 0 2 uptake/ hr/embryo. Both means of presenting the data were used because it appeared that the conventional manner based on fresh weight might be misleading. When the data are expressed in the . usual way based on fresh weight, it indicated that EPTC stimulated respiration. However, when the data are expressed on an embryo basis, it indicated that EPTC had no effect on respiration. In order to resolve this contradiction, it must be borne in mind that EPTC at these concentrations inhibits growth and prevents the normal increase in fresh weight, Table 4 . The embryos grown in high concentrations of EPTC weighed less than those grown in lower concentrations of EPTC or in the absence of EPTC. An examination of Tables 4 'and 5 reveals that the concentration of EPTC required to inhibit growth was considerably less than that required to inhibit oxidative phosphorylation. Therefore, the stimulation of respira- tion by EPTC may merely reflect an inhibition of growth rather than an effect on respiration per se. Oxidative phosphorylation. The effect of EPTC on oxidative phosphorylation of cucumber mitochondria is presented in Table 5 . EPTC had a marked inhibitory effect on both oxygen uptake and phosphorous esterification at 10-2 M and a slight inhibitory effect at 10-3 M. Phosphorous esterification ·was somewhat more sensitive than oxygen consumption giving a reduced P /0 ratio. This reduced P /0 ratio may be interpreted as an uncoupling of these two processes. However, since the concentration of EPTC required to produce these effects is quite high, the physiological significance of these results is questionable. It will be necessary to demonstrate in vivo that concentrations of EPTC of this magnitude are present in the cytoplasm of cells before its inhibitory effect on oxidative phosphorylation can be considered significant in the mode of action of this herbicide.
